In Thailand, nebulized ipratropium bromide/fenoterol, is commonly used in addition to salbutamol for severe asthma exacerbation. Recently, nebulized MgSO 4 is indicated in GINA 2015 as an additive treatment for severe cases. However, there is limited data showed the efficacy of both drugs in childhood severe asthma. The purpose of this study to compare efficacy and safety of nebulized MgSO 4 and ipratropium bromide/fenoterol in moderate to severe asthma attacks.
Introduction
Among chronic respiratory illness of childhood, asthma is the most common life-threatening disease. When exposing to triggers, the lower airway could abruptly constrict and inflame. Inhaled salbutamol, the well-known bronchodilator is usually used as the first line therapy to relieve bronchospasm. However, patients with severe asthmatic attack who do not respond well to this initial treatment, the addition medication such as nebulized ipratropium bromide is recommended by the international standard guideline and nebulized MgSO 4 is indicated as additive treatment. 1, 2 Ipratropium bromide, one of anticholinergic which approved to treat acute asthma, is an antagonist for muscarinic receptor. Although this medication does not work well when used alone to treat asthmatic attack but it shows significant reduction in hospital admissions both children and adults when applied multiple doses in combination with beta 2 agonist. 3, 4 In Thailand, the cheap combination of ipratropium bromide and fenoterol, the short acting beta 2 agonist, is widely added after failed treatment with multiple doses of salbutamol. However, the efficacy of this combination was not previously well studied.
In status asthmaticus, muscle relaxant is frequently added to decrease fatal outcome while waiting for corticosteroid to take effect. Magnesium sulfate is the effective muscle relaxant commonly used in our hospital and worldwide to reduce asthma severity. MgSO 4 can relax smooth muscle by two mechanisms. Firstly, it inhibits the interaction between calcium and myosin. Secondly, magnesium inhibits cholinergic neuromuscular transmission which induces muscle fiber excitability. Intravenous MgSO 4 has been frequently used and studied in severe asthma than inhaled form. However, there is increasing evidence that inhaled MgSO 4 may helpful in adult asthmatic exacerbations and in some cases of childhood asthmatic attacks. In children with severe asthma exacerbation, inhaled MgSO 4 should be used early in order to get a good outcome. 7 As mention in GINA 2015, the efficacy of nebulized MgSO 4 is not clear but it can be used in a mixed form with salbutamol instead of normal saline to provides greater benefit. However, there was a study reported nebulized MgSO 4 in moderate asthma exacerbation as an adjuvant treatment showed no benefit to standard treatment. 8 There is a lack of evidence to summarize the benefit of nebulized MgSO 4 children with acute asthmatic attack. Therefore, this study compared efficacy and safety of nebulized MgSO 4 and nebulized ipratropium bromide with fenoterol in our childhood population who present with moderate to severe asthmatic attacks. duration of symptom, history of pneumonia, birth delivery, feeding history, personal history of atopy, parental history of atopy, parental smoking, history of nursery attendance, pets, skin prick test of aeroallergen and current medication of atopic disease (asthma, allergic rhinitis, allergic conjunctivitis and atopic dermatitis) were recorded.
All 33 patients were randomized into two groups by a computer-generate random sequence. The first group received three doses of 2.5 ml of isotonic MgSO 4 nebulizer (6% solution) mixed with NSS up to 4 ml, 30 minutes apart. In the second group, the patients with body weight less than 20 kg received three doses of inhaled ipratropium bromide/fenoterol 0.5 ml (ipratropium bromide 250 mcg, fenoterol 125 mcg) mixed with normal saline up to 4 ml, 30 minutes apart. The patients with body weight > 20 kg received ipratropium bromide/fenoterol 1 ml (ipratropium bromide 0.5 mg, fenoterol 250 mcg). Each nebulize solution was prepared by the nurse who did not get involve in our research. All patients were evaluated for PRAM score, respiratory rate, heart rate, blood pressure, oxygen saturation, adverse reaction (flushing, hypotension, tremor, reflex, paralysis) at baseline and after each nebulizer at 30 minutes, 60 minutes, 90 minutes, 120 minutes, 240 minutes, 24 hours and 48 hours. All children were initially treated with intravenous hydrocortisone 5 mg/kg/dose every 6 hour and oxygen supplement. The addition treatments by the ward attending were also recorded. The MgSO 4 level was measured twice, at initial treatment and at 2 hours after the last dose of each nebulized treatment. The hospital length of stay was also recorded as the secondary outcome.
Isotonic MgSO 4 preparation
Nebulize isotonic MgSO 4 solution (6% solution) was produced under the calculation of our institution's pharmacist. The 50% MgSO 4 0.3 ml (150 mg) was diluted in sterile water 2.2 ml to change the solution to 245 mmol/L (337 mosm/L), the same osmolarity as in MAGNETIC study. 7
Outcomes
Our primary outcome was the change of PRAM score at 30 minutes, 60 minutes, 90 minutes, 120 minutes and 240 minutes post randomization. Secondary outcome were adverse event from nebulized MgSO 4 or nebulized ipratropium bromide/fenoterol and length of stay in hospital.
Statistical analysis
The study is a pilot study of two childhood groups receiving different treatment for severe asthma exacerbation. Each group composed of 15-30 candidates. Data was recorded and analyzed by SPSS software version16. The descriptive analysis using means, standard deviations, medians, and range for quantitative variables, frequencies and percentages for qualitative variables. Independent t-test was mainly used for continuous variables and Fisher's exact test was used for categorical variables. Results were considering to be statistically significant at p ≤ 0.05.
Material and Methods

Patients
The double blind, randomized, controlled pilot study was performed at Queen Sirikit National Institute of Child Health, Bangkok, Thailand, from December 1 st , 2015 to January 31 st , 2017. The inclusion criteria were children, aged 2-15 years, with moderate to severe asthma exacerbation who failed to improve after the treatment with three doses of nebulized salbutamol (patients who had PRAM score ≥ 4 defined by study of Ducharme FM et al) 8 were enrolled into our study. The patients with following conditions 1) had history of bronchopulmonary dysplasia, immune deficiency, cystic fibrosis, primary ciliary dyskinesia, vascular ring, foreign body aspiration, chronic lung disease, chronic heart disease 2) had contraindication to use MgSO 4 because of hepatic or renal disease 3) allergic to MgSO 4 or ipratropium bromide or fenoterol 4) had life threatening features 5) refused to give informed consent by themselves or their parents, were excluded from this study. All participants agreed to be involved in our study and provided written informed consent which approved by the institutional ethics committee.
Study Protocol
Thirty-three children with moderate to severe asthma exacerbation were enrolled in our study and written informed consents were obtained from their parents. The baseline characteristic data included age, sex, body weight, height, race, asthma severity score (PRAM score) besides the house dust mite sensitization, as shown in Table 1 . There were 32 patients in moderate asthma (PRAM score 4-7) and only 1 patient in severe asthma (PRAM score 8); this child received inhaled ipratropium bromide/fenoterol. Allergic rhinitis was the most common comorbidity in both groups (56% in nebulized MgSO 4 and 47% in nebulized ipratropium bromide/fenoterol, respectively). The second comorbidity was cow's milk protein allergy (2 children in nebulized MgSO 4 group and 2 children in nebulized ipratropium bromide/fenoterol group, respectively). Parental asthma in MgSO 4 group (father = 18.75% and mother = 31.25%) was higher than in nebulized ipratropium bromide/ fenoterol group (father = 11.7% and mother = 5.8%). All patients had aeroallergen sensitization and house dust mite was found the most. However, house dust mite sensitization was found higher in ipratropium bromide/fenoterol group than in MgSO 4 (p = 0.039) group. The skin test were sensitized to cockroach, cat dander, dog epithelium, Bermuda grass, Johnson grass and mold. For the environmental exposure, the most 
Design of the study
Result Forty children with moderate to severe asthma exacerbation were included into our study but 7 were not eligible (Figure 1) . Hence, thirty-three children with moderate to severe asthma were enrolled in to our study. All were Thai ethnic background. The standard therapy of acute asthmatic attack included three doses of nebulized salbutamol, systemic corticosteroid and oxygen were applied to all patients. Sixteen children were randomized to receive nebulized MgSO 4 and seventeen children were randomized to receive nebulized ipratropium bromide/fenoterol.
The mean age of nebulized MgSO 4 group was 4.18 ± 1.77 (age 2-11.2 years old) and nebulized ipratropium bromide/fenoterol was 5.41 ± 2.83 years (age ranged from 2.1-11.3 years old). Boy was predominantly in both groups (62.5% and 64.7% for nebulized MgSO 4 and nebulized ipratropium bromide/fenoterol, respectively) as shown in Table 1 . There were no statistically significant difference between the two study groups in baseline characteristics; mean age, body weight, height, allergic backgrounds, family history of asthma and baseline common was cigarette smoking (75% in nebulized MgSO 4 , 76.4% in nebulized ipratropium bromide/fenoterol). Patients in both groups mainly had acute asthma symptoms more than 6 hours. There was no statistically significant difference between two groups in the onset, duration of disease and medical treatment. We found the baseline heart rate in MgSO 4 group was significantly higher than in ipratropium bromide/fenoterol group (p = 0.006). There were no statistically significant difference between two groups in baseline respiratory rates (p = 0.604), systolic blood pressure (p = 0.775), diastolic blood pressure (p = 0.166), oxygen saturation (p = 0.497), PRAM score (p = 0.748), pretreatment Mg level (p = 0.840) and medication of post treatment nebulized study as shown in Table 2 .
The primary outcome, the change of PRAM score at 30 minutes, 60 minutes and 90 minutes after each nebulized MgSO 4 and nebulized ipratropium bromide/fenoterol and at 120 minutes, 240 minutes, 12 hours, 24 hours and 48 hours from initial baseline evaluation was shown in Table 3 and Figure 2 . Interestingly, all patients in both groups had clinical improvement at 60 minutes after the second dose nebulized treatment. However, there was no statistically significant difference between two groups in PRAM score assessment. In addition to PRAM score, we also evaluated patient's respiratory rate and found that the mean respiratory rate at 12 hours was significantly higher in MgSO 4 group (35.9/min) than in ipratropium bromide group (31.2/min) ( We also monitored heart rate, blood pressure, pulse oximetry at 30 minutes, 60 minutes, 90 minutes, 120 minutes, 240 minutes, 12 hours, 24 hours and 48 hours after treatment and the details was shown in Table 3 . Comparison of the characteristics of the participants in the nebulized MgSO 4 and nebulized ipratropium bromide/ fenoterol groups during study ipratropium bromide/fenoterol group (138/min versus 125/ min) (p = 0.025). These higher heart rates were also seen at 48 hours (127.13/min versus 108.17/min) (p = 0.002). The secondary outcome, the adverse event found during nebulized treatment was nasal sting sensation. Two patients in nebulized MgSO 4 group reported nasal sting sensation during the first dose of treatment but the symptom went after finishing that dose. One of whom having nasal sting sensation also had mild vomiting after the third dose of MgSO 4 . There was no other adverse event including flush, hypotension, hyporeflexia or paralysis.
The magnesium levels were measured twice at the baseline and at 2 hours after finishing nebulization. The mean pre-treatment, serum magnesium levels in MgSO 4 group and in ipratropium bromide/fenoterol group were 2.15 mg/dL and 2.16 mg/dL, respectively. The mean serum magnesium levels of post-treatment in MgSO 4 group and in ipratropium bromide/ fenoterol group were 2.20 mg/dL and 2.29 mg/dL, respectively. There was no statistically significant difference between two groups (p = 0.184), as shown in Table 3 . The hospital length of stay was shown in Figure 3 . The mean length of stay was also similar between two groups; 3.76 ± 1.1 days in nebulized MgSO 4 group versus 3.86 ± 1.5 days in nebulized ipratropium bromide/fenoterol group (p = 0.834).
As we know, the most effective reliever in early asthmatic attack is beta 2 agonist. However, this treatment is not sufficient in severe cases. The necessary additive anti-inflammation, such as systemic corticosteroid needs 4-6 hours to improve asthma outcome. Therefore, ipratropium bromide, the anticholinergic, is suggested by GINA and Thai guideline to use after failure in treatment by salbutamol. However, there is no unmixed nebulized ipratropium bromide available in Thailand. In our country, we need to use either ipratropium bromide/fenoterol or ipratropium bromide/salbutamol to treat patients with acute severe asthmatic attack. Ipratropium bromide/fenoterol is easier to obtain and cheaper than ipratropium bromide/salbutamol. However, there was only one child study which demonstrated efficacy of ipratropium bromide in Thailand. 9 We confirmed that nebulized ipratropium bromide/fenoterol is effective and safe. In our study, nebulized ipratropium bromide/fenoterol decreased the severity of acute asthma as early as 30 minutes after the treatment. This similar effect was also seen in patients treated with to nebulized MgSO 4 ( Table 3 ). The results showed no significantly difference in PRAM score at 30 minutes, 60 minutes, 90 minutes, 120 minutes and 240 minutes. This outcome was similar to the randomized trial of nebulized magnesium in moderate and severe acute asthmatic children by Alansari. 11 Nonetheless, in Alansari's study, they used mixed nebulized MgSO 4 and albuterol instead of isolated nebulized magnesium sulfate as we did.
The systematic review of meta-analysis showed good efficacy of MgSO 4 treatment in adult asthma both intravenous and nebulized. However, in some previous studies, children with acute asthmatic attack were not well improved with nebulized MgSO 4 compared to intravenous MgSO 4 . 6 This was argued by the MAGNETIC study which suggested that children with acute asthma would respond to nebulized MgSO 4 if we could treat patients early, as within 6 hours of onset of acute asthma. 7 The benefit of inhaled MgSO 4 was also confirmed by our previous study which performed in Thai children with severe asthma. 12 In that study, the nebulized MgSO 4 was as effective as intravenous MgSO 4 to control severe acute asthma. In this study, we confirmed the efficacy of nebulized MgSO 4 which can reduce the severity of acute asthma since the first hour of treatment ( Table 3) . However, we could not conclude the sustainability effect of nebulized MgSO 4 at 12 hours, 24 hours and 48 hours after treatment because of the short duration of the medicine. 13 By this reason, therefore, we could not confirmed whether both medication decrease hospital length of stay because there was not statistically significant in hospital length of stay.
In safety part, there was no serious adverse reaction in both nebulized MgSO 4 and nebulized ipratropium bromide/fenoterol. We found only two patients reported nasal sting sensation during the first dose of nebulized MgSO 4 treatment. One patient who had nasal sting sensation also had mild vomiting. Their symptoms were spontaneous improved without the requirement of MgSO 4 discontinuation or extra treatment. In addition, serum magnesium levels did not increase in both treatment groups. The safety of inhaled MgSO 4 in our study was not differed from the two previous studies of Daengsuwan T and Mahajan. 12, 14 There was no side effect of nebulized ipratropium bromide/fenoterol in our study, similar to the study of Watson. 15 This the first study to compare the efficacy and the safety of nebulized MgSO 4 and nebulized ipratropium bromide/fenoterol. Our strength is the randomized double blind controlled trial. We also demonstrated the preparation of isotonic MgSO 4 which was easy to apply. However, limitations of this study were the small sample size and most of our patients (32/33) had moderate asthmatic attack, measured by PRAM score. In addition, the most of our patients presented to our hospital later than 6 hours of onset of asthmatic attack.
Conclusion
This double blind, randomized, controlled study demonstrated non-inferior efficacy of nebulized MgSO 4 and nebulized ipratropium bromide/fenoterol among Thai children with moderate asthma exacerbation. There was no serious adverse reaction in both treatments.
